Primary Audience: Nutritionists and Researchers within in the Poultry Community
DESCRIPTION OF PROBLEM
Soybean meal (SBM) is extensively used as a source of protein for poultry worldwide. Although its supply fluctuates [1] due to the events in the major soybean-producing regions of the world, it is generally expensive because it is the premier vegetable protein for poultry. Soybean meal can be produced as a full-fat meal or an oil-extracted meal. Full-fat soybean meal is characterized by relatively low CP content (36 to 42%) and a high level of fat (18 to 22%) [2] . In addition to its high oil content, full-fat soybean meal has the same excellent amino acid profile as conventional SBM, and sometimes the digestibility of amino acids (AA) in fullfat soybean meal is higher [3] . Consequently, Popescu and Criste [4] suggested that full-fat SBM could successfully be used to replace the oil and commercial SBM in the diets of broilers.
Full-fat SBM has a very good composition [2, 5] ; however, the nutritive value of raw, fullfat soybean meal (RSBM) is negatively affected by the presence of anti-nutritional factors [6] , particularly trypsin inhibitors (TI) and lectins [7] . Research scholars [7, 55] have reported that birds fed diets containing RSBM exhibited poor performance and pancreatic hypertrophy due to the presence of trypsin inhibitors and lectins.
Trypsin and lectins in raw soybean meal are heat-labile factors [8, 9] ; hence, the activity of TI can readily be reduced by ordinary cooking and moist-heat treatments [10] . It also has been indicated that the conditioning temperature used while pelleting the diet can improve the nutritional value of the feed by inactivating the proteinaceous anti-nutrients [11] . However, Perez-Maldonado et al. [12] reported that birds fed steam-pelleted diets containing RSBM did not improve the performance. However, there is limited information on the benefits or otherwise of steam pelleting of diets containing RSBM. The objective of the current study was to evaluate the effects of RSBM on some nutrient and anti-nutrient profiles of the diets, and to determine if pelleting (non-steam or steam) of such diets would lead to any improvement in diet quality.
MATERIALS AND METHODS

Soybean Sample and Diets
The whole seed of soybean, harvested in July 2013, was obtained from a local farmer in northern New South Wales, Australia. The seeds were then cleaned and hammered to pass through a 2-mm sieve. Four starter diets were then formulated in which RSBM replaced the commercial SBM at zero, 10, 20 or 30%, equivalent to zero, 30, 60 and 90 g/kg diet, respectively. One-half of each diet was subjected to steam pelleting, and the other half was subjected to non-steam-pelleted methods. In addition to comparing the pellet durability index (PDI) of these pelleted diets, subsamples were collected from all steam-or non-steam-pelleted diets, as well as from the mash diets (from the same diets, but before pelleting), for detailed chemical analyses.
Nutrient Composition and Anti-nutritional Factors in the Diets
The samples were finely ground and then analyzed for CP [ 
Dietary Electrolyte Balance of the Diets
A sub-sample was taken from each diet and ground with a coffee grinder. The samples were analyzed to determine the Na, K, and Cl contents, which are the most important regulators of the acid-base balance in animals. The dietary electrolyte balance (DEB) was then calculated following the procedure described by Ahmad and Sarwar [19] .
Feeding Trial
The feeding trial was conducted at the Animal House of the University of New England (UNE), Australia. It was approved by the Animal Ethics Committee of the University (Authority No: AEC15-044) prior to commencement. One-day-old male broiler chicks (Ross 308) with an average body weight of 44.98 ± 0.14 g were obtained from a local commercial hatchery [20] . To maintain uniformity, 8 chicks were weighed and randomly allocated into 48 multitiered brooder cages (600 × 420×23 cm). A medium-sized feeder (78 × 12×8 cm) was used per cage. Birds were housed from one to 14 d of age in climate-controlled rooms. Every pen was equipped with 2 nipple drinkers. Feeders were scrubbed and cleaned prior to filling with diets. Drinkers were also checked from time to time to ensure that they worked properly, and they also were cleaned whenever they were dirty. Excreta trays were scrubbed and cleaned whenever they were filled with excreta material.
For the first 2 d, the birds were housed at a temperature of 33
• C with relative humidity of 49 to 60%. The temperature was then gradually reduced by 1 or 2
• C every one or 2 days. Twentyfour h of light (20 lux) were provided on the first d, which was reduced to 23 h for the next 6 consecutive d, followed by 20 h (10 lux) for the remaining days. Feed was provided ad libitum in a crumbled form and birds had free access to water. Mortality was recorded when it occurred.
At d 14, one bird from each pen was randomly selected, weighed, and killed by cervical dislocation to assess the visceral organ development. Tissue samples from the proximal part of the jejunum and the entire pancreas were collected and snap-frozen in liquid nitrogen before being transferred to a freezer (−20
• C) to assay the mucosal protein concentrations and digestive enzyme activities. Other tissue samples also were collected, from the proximal part of the jejunum just next to a place where tissues were cut out for digestive enzyme analysis, to analyze morphometric histology. The remaining birds and the leftover feed were weighed to calculate the average BWG and FI, from which the FCR was calculated. All samples were collected between 9:00 am and 12:00 noon.
Analysis of the Tissue Protein Content and Digestive Enzymes Activities
Tissue Processing. After putting the entire sample on ice, it was cut into small pieces, and then transferred into a centrifuge tube containing cold Ringer's solution, pH 7.4, at a ratio of 15.0 mL of Ringer's solution to 1.0 g of tissue [21] . The sample was homogenized at a speed of 4 for approximately 60 s using a homogenizer [22] . The homogenate was centrifuged (only pancreas) at a speed of 30,000 x g for 10 min and a sub-sample of the supernatant was taken into Eppendorf tubes and stored in a freezer (−20
• C) for subsequent analyses. The filtered mucosal homogenate from the jejunum was used as such, without centrifugation.
Tissue Protein Contents and Enzyme Activities in the Pancreas and Jejunum. The protein concentrations in the pancreas and jejunum were determined using the Bradford [23] method. The activities of the pancreatic enzymes, including trypsin, chymotrypsin, as well as general proteolytic activity, were determined using methods of Tarvid [24] and Susbilla et al. (21] with slight modifications by Delia [25] and León et al. [26] . The lipase activity in the pancreas was determined using the procedure described by Winkler and Stuckmann [27] . The activity of alkaline phosphatase in the jejunum was determined using the procedure described by Forstner et al. [28] and Holdsworth [29] . Sucrase activity in the jejunum was determined using the procedure modified by Iji et al. [30] . Maltase activity in the jejunum was determined using the same procedures described for sucrase, except that maltose was used as substrate.
Mucosal Morphometry of the Jejunum
The mucosal morphometry was assessed using the method described by Iji et al. [31] . The samples were excised from the proximal part of the jejunum. After flushing with saline water, the samples were immediately fixed in formalin solutions and then in 70% ethanol for storage. Two pieces of tissue were then excised from each sample and enclosed in tissue cassettes [32] containing ethanol solution. The tissue samples were then processed, sectioned, and stained according to the procedure described by Iji et al. [31] . The images were viewed to measure the muscle depth, crypt depth, basal width, villus height, and villus apical width. The apparent villus surface area was calculated as: ([apical width + basal width] /2) × villus height. The mucosal depth was derived by adding the villus height and crypt depth.
Statistical Analysis
Descriptive statistics was used to analyze the data of nutritional commotions. One-way ANNOVA and general linear model (GLM) of Minitab software [33] were used to evaluate the mean values of the treatments and main factors of enzyme and RSBM, respectively. The differences among the mean values were considered to be significant at P < 0.05, and these mean values also were separated using Duncan's test.
RESULTS AND DISCUSSION
Composition and Quality of the Diets
The values associated with protein quality are shown in Table 2 . On average, available lysine content was higher in the mash and in non-steampelleted diets than that of the corresponding steam-pelleted diets. Regardless of the processing methods applied to the diets, increasing the RSBM in the diets increased the NSI, for example, the value of NSI increased by 33.7% when RSBM rose from zero to 30%. However, there was no consistent trend in the analyzed values of KOH because of increasing levels of RSBM in diets.
The analyzed value of TI concentration was high in diets, ranging between 1,742 (control diet) and 10,484 (mash diet containing 30% RSBM) TIU/g. These data are in agreement with Hong et al. [34] who previously suggested that diets containing TI concentration exceeding 0.77 mg/g (equivalent to 1,463 TIU/g) can affect the performance of non-ruminant animals.
Regardless of the pelleting method, increasing the level of RSBM in diets, particularly at 30%, increased the concentration of TI many times more than the RSBM-free diets. When the diets containing RSBM were steam pelleted, the average TI concentrations were reduced by 7.2% as compared to the TI values of the same diets that were non-steam pelleted. The UA in the diets containing RSBM ranged from 0.13 (steam pelleted) to 1.83 pH (mash sample with 30% RSBM). The UA and NSI increased nearly proportionally to the RSBM inclusion level. This result, therefore, agrees with the findings of Ruiz et al. [35] who reported NSI and UA values for the raw soybean meal to be 98% and 1.99 pH, respectively. The UA test measures the increase in pH when SBM is placed in a solution containing urea and is the most widely used method to determine whether SBM has been properly treated by heat, and is suitable as poultry feed [36] .
Results of complete amino acid (AA) profiles of the diets containing different levels of RSBM are presented in Table 3 . In steam-pelleted diets, particularly at 30% RSBM, the analyzed value of total AA was approximately 3.6% less than the value in the diets with 10% RSBM. The opposite result, however, was observed for the non-steampelleted diets, in which the total AA content in the diets containing 30% RSBM was increased by 0.64, compared to the non-steam-pelleted and mash diets containing 10% RSBM.
Regardless of the RSBM contents of diets, non-steam pelleting increased the total AA contents by 2.6% more than that of steam-pelleted ones. On average, the AA contents of the mash diets were 3% higher than the steam-pelleted diets. More methionine (3.1 and 2.4%), lysine (5.6 and 3.8%), and threonine (1.4 and 3.1%) were observed in the mash and non-steam-pelleted diets, respectively, than in the same diets that were steam pelleted. These results are partially in accord with the findings of various scholars, such as de-Coca-Sinova et al. [37] and Baker et al. [38] who reported that the protein and amino acid contents of soybean meal could vary as a result of the processing methods. The reduction in CP and the AA content in the steam-pelleted diets Table 2 . Effects of the non-pelleted, steam-pelleted, or mash-form diets on the values of the quality parameters (g/kg) of the broilers' starter diets containing increasing amounts of raw, full-fat soybeans meal.
Steam-pelleted
Non-steam-pelleted Mash might be due to the impact of the conditioning temperature used before steam pelleting. Additionally, the Maillard reaction might be created between unprocessed lipid -which is actually from the raw, full-fat soybean meal in this case -and proteins (amino acids), while pelleting the diet could contribute to deterioration of feed quality. This current result also is supported by reports of Tanaka et al. [56] . Increasing evidence shows that these compounds formed under mild conditions substantially reduce the availability of amino acids and proteins. As indicated in Table 4 , the highest level of potassium (11.09 g/kg) was recorded in the diet containing 10% RSBM, while the lowest value (10.44 g/kg) was found in the diet containing 30% RSBM. Sodium content was highest (1.88 g/kg) in the non-RSBM supplemented diet, while the lowest value (1.76 g/kg) was found in the diet containing 30% RSBM.
The concentration of Cl ranged between 2.92 and 3.39 g/kg, with the lowest value (2.922 g/kg) in the control diet. The highest calculated value of DEB (282.4 mEq/kg) was recorded in the diet containing 10% RSBM, while the lowest (254.8 mEq/kg) was recorded in the 20% RSBM diet. The reduction in DEB with increase in dietary RSBM may have some implications on the birds' performance. There are conflicting reports on the effects of DEB on poultry growth. It has been reported [39] that birds fed on diet with 240 mEq/kg DEB exhibited the best BWG and FCR. However, different levels of DEB (ranging between 200 and 320 mEq/kg) in broiler diets had no influence on the birds' performance [40] . It is likely that the rearing environment may have some effect on the birds' response to DEB. In the present study, the birds were housed in climatecontrolled rooms.
Gross Response to Raw Soybeans Meal and the Pelleting Method
The results of the gross responses of the broiler chicks fed the test diets between hatch and 14 d of age in terms of FI, BWG, and FCR Commercial SBM was replaced by raw soybean meal at zero, 10, 20, and 30%, equivalent to zero, 30, 60, and 90 g/kg of diet, respectively. DEB = Dietary electrolyte balance. DEB (mEq/kg) = % Na x 434.98 + % K x 255.74 -% Cl x 282.06. are shown in Table 5 . Mortality was negligible; only 2 of the initial 384 birds died, and this was not treatment specific. There were also no significant interactions between pelleting method and RSBM supplementation on the FI, BWG, or FCR. Increasing the RSBM supplementation, particularly at 30%, significantly (P < 0.05) reduced the birds' feed consumption. The BWG decreased (P < 0.001) with increasing levels of RSBM in the diets. Regardless of increasing RSBM supplementation in diets, non-steam pelleting had beneficial effects on BWG (P < 0.001). Feed efficiency of birds was decreased (P < 0.05) because of an increasing inclusion rate of RSBM in the diets. These results agree with Erdaw et al. [41] who reported that birds fed diets containing RSBM consumed less feed, gained less weight, and had poorer feed conversion indices. The reduction in BWG is likely the result of the poor feed consumption, but could also be due to the interference of the ANF in the physiological digestion of birds. Mirghelenj et al. [42] have shown that the growth performance of broiler chickens was not influenced by diets containing up to 15% extruded full-fat soybean.
However, changing the pelleting method had no effect (P > 0.05) on the feed efficiency.
The effect of the pelleting method was obvious in the present study. For example, birds consumed more amounts of non-steam-pelleted feed and also gained more weight than birds fed on steam-pelleted ones of the same diets. These results agree with Cutlip et al. [43] who reported that a high steam pressure combined with high conditioning temperature improved the pellet quality, but broilers fed these pelleted diets exhibited decreased feed intake and feed efficiency. Although it is generally believed that diets with high PDI values are associated with better performance of birds, some researchers [43, 44] ) have reported that pellet durability has no bearing on the negative effects of the anti-nutrients. In contrast to the current results, other scholars [45; 46] also have reported that steam-pelleted diets were efficiently used by birds. In the current study, the nutrients in the diets might have been denatured by the conditioning temperature used to steam pellet them.
The PDI value was improved when the diets were steam pelleted, particularly in diets containing higher amounts of RSBM levels. However, the gross responses in terms of the FI, BWG, and FCR of the birds fed the steam-pelleted diets with higher PDI values did not improve, which was contrary to the expectation. These results disagree with those of previous researchers [47, 48] ) who reported that broilers fed quality pellets had improved performance, as well as carcass quality. The unexpected results of the current study might be due to the conditioning temperature used on the diets before steam pelleting or the nature of the feed ingredients. In a previous study, Erdaw et al. [49] observed that the pellets from the steam-pelleting process were firmer and harder, particularly those with high RSBM levels.
Visceral Organ Development
The relative weights of the visceral organs (g/100 g of body weight) of the 14-day-old broiler chicks fed the different diets are shown in Table 6 . Increasing levels of RSBM in the diets, particularly at 30% RSBM, increased (P < 0.05) the combined gizzard and proventriculus (G+P) weight. The G+P from birds fed on steam-pelleted diets was significantly (P < 0.01) heavier than that of birds fed on non-steampelleted diets. This might be due to the negative impact of the anti-nutrients in unprocessed RSBM, as has been previously reported by Barletta et al. [50] .
The weight of the pancreas (P < 0.001) and duodenum (P < 0.01) was increased because of an increasing inclusion rate of RSBM in the diets, whereas, changing the pelleting methods had no significant (p > 0.05) effect. The current result agrees with those of other scholars [42, 51, 52] who have reported that the protease inhibitors in RSBM negatively affect the physical development of the pancreas in birds. Rezaeipour and Gazani [53] associated this effect with the increasing urease activity in the birds' diets, particularly impacting the duodenum. The enlargement of the pancreas may be due to the organ striving to produce adequate enzymes to digest the nutrients and overcome the inhibition of these enzymes by the dietary ANF. Regardless of the pelleting methods, birds fed diets containing high levels of RSBM, particularly at 30%, had a heavier duodenum than the birds fed the other diets. This finding supports that of Beukovic et al. [51] who reported that the consumption of raw soybeans increased the sizes of the pancreas and duodenum in birds. The duodenum is anatomically located near the pancreas; therefore, it also may be indirectly affected by the protease inhibitors. However, changing the pelleting temperature had no effect on the weight of the pancreas. This result disagrees with that of Svihus and Zimonja [54] who reported that the conditioning temperature used prior to pelleting the diets could inactivate the proteinaceous antinutrients. There was only a minor reduction in TI levels in response to steam pelleting in the present study.
Birds fed the steam-pelleted diets exhibited an increase (P < 0.001) in the weight of the Means bearing uncommon superscripts within a row are significantly different at the levels shown at NS = non-significant * P < 0.05; * * P < 0.1; * * * P < 0.00.1.
Commercial SBM was replaced by raw soybean meal at zero, 10, 20, and 30%, equivalent to zero, 30, 60, and 90 g/kg of diet, respectively. SEM = Pooled standard error of the means. 1 RSBM = Raw soybean meal. G+P = Gizzard + proventriculus (emptied); J+I = Jejunum + ileum (weighed with the internal contents).
jejunum + ileum (J+I) except in the birds that were fed diets containing 10% RSBM. Increasing the RSBM supplementation had no influence (P > 0.05) on the J+I weight. It is more common for the gizzard [54] to be affected by feed form, but some of the effect may linger into the small intestinal region. Neither the pelleting method nor the increasing levels of RSBM had significant (P > 0.05) effects on the weights of the heart, liver, or spleen of the experimental birds. With the exception of the increased (P < 0.05) weights of the bursa, there were no significant interactions (P > 0.05) between pelleting method and RSBM levels with the weights of the other internal organs that were assessed.
Tissue Protein Content, Digestive Enzyme Activities, and Mucosal Morphometry
Increasing the amount of RSBM included in the diets had no significant (P > 0.05) effects on either the protein contents of the pancreas or jejunal mucosa (Table 7) . The protein content of the pancreatic tissue of the chicks fed the nonsteam-pelleted diets was higher (P < 0.05) than that of the chicks fed the steam-pelleted diets, but the jejunal protein content was unaffected.
Chymotrypsin activity in the pancreas was negatively affected (P < 0.01) by the increasing RSBM level in the diets. However, neither the increasing RSBM level nor pelleting method had any effects (P > 0.05) on the activities of other enzymes, such as general proteolytic activity, lipase, trypsin, maltase, sucrase, or alkaline phosphatase. These results indicate that although the weight of the pancreas was affected by the RSBM, this had no impact on the activities of most of the digestive enzymes. Similar results were observed in the jejunum, which did not show changes in enzyme activity in response to the RSBM or pelleting method.
As shown in Table 8 , although the effect was not significantly affected, birds fed the RSBM-free diets had a thicker intestinal muscle, longer villi, a larger apparent villus surface area, and an increased villus to crypt ratio than those fed the other diets. To the best of our knowledge, there have been no previous studies on the effects of RSBM on the intestinal mucosa.
CONCLUSIONS AND APPLICATIONS
1. The nutrient composition of both the nonsteam-pelleted and the mash diets appear to be better than those of the steampelleted diets. These might be due to the Maillard reaction happening between unprocessed lipid and proteins (amino acids), while pelleting the diets could contribute to reducing the quality of pelleted diets. 2. Regardless of the processing method (steam-or non-steam pelleting or mash), increasing the RSBM level alone greatly elevated the concentrations of TI and other ANF in diets above the threshold levels for non-ruminant animals. 3. Steam pelleting might not be sufficient to reduce the concentrations of ANF in the diets or impact on birds. 4. Increasing RSBM levels in diets reduced the FI, BWG, and feed efficiency. 5. The high levels of RSBM in the diets increased the weights of the gizzard+provetriculus, duodenum, and pancreas. AVSA = Apparent villous surface area; Villus:Cry = Villous length to crypt depth ratio. Commercial SBM was replaced by raw soybean meal at zero, 10, 20, and 30%, equivalent to zero, 30, 60, and 90 g/kg of diet, respectively.
